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(54) UQUID CRYSTAL DISPLAY 

(57) A liquid crystal display device is structured in 
such a manner that plural of liquid crystal display panels 
each comprised of a liquid crystal layer provided 
between a pair of transparent substrates which have 
electrodes disposed on each facing inner surface, and a 
reflection-type polarizing film is disposed at least on the 
top surface of the plural liquid crystal display panel, or 
between the liquid crystal display panels, or on the low- 
est surface of the plural liquid crystal display panel. By 
controlling a reflection state and a transmission state 
through the reflection-type polarizing film with electric 
voltage applied on the liquid crystal layer of the liquid 
crystal display panel, a display which represents the 
opening and closing of a metallic shutter is made possi- 
ble. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a liquid crystal s 
display device used to display time information for a 
timepiece such as hours, minutes, and seconds and 
calendar information such as date, a day of the week, 
month, and year in digital form, using a liquid crystal dis- 
play panel, or to display information from a microcom- 10 
puter, a memo or the like, or to display information upon 
receiving a signal from the outside. 
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[0002] There exist various electronic equipments and 
devices to display, using a liquid crystal display panel, 
time information such as hours, minutes, and seconds, 
or a memorandum or other information, utilizing mem- 
ory in a microcomputer such as a PC (a personal com- 20 
puter), a handy computer, a PDA (a personal data 
assistant), a digital camera, a cellular phone or the like 
having a communication function. 
[0003] The liquid crystal display panel in the liquid 
crystal display device used for these electronic 25 
machines and devices can be broadly classified into two 
groups. One includes liquid crystal display panels using 
a polarizing film and the other includes types of liquid 
crystal display panels not using a polarizing film. The 
present invention relates to a liquid crystal display panel 30 
using a combination of a liquid crystal cell with a polar- 
izing film. 

[0004] Conventionally, this kind of liquid crystal display 
device performs display by voltage control of the trans- 
mission and absorption of light through a liquid crystal 35 
layer and a polarizing film. 

[0005] Here, an example of a conventional liquid crys- 
tal display device to display information in digital form 
will be explained with reference to drawings. 
[0006] Fig. 1 7 is a perspective view of a conventional 40 
liquid crystal display device used to perform the display 
of data. Fig. 18 is a schematic sectional view taken 
along the line A-A in Fig. 17. Fig. 19 is an enlarged sec- 
tional view of a portion in the liquid crystal display panel 
in Fig. 18. 45 
[0007] A liquid crystal display panel 300 used in this 
liquid crystal display device includes, in order from the 
side of glass 2 shown in Fig. 18 (the side visible to a 
viewer), a first substrate 1 1, a first electrode 12, a sec- 
ond substrate 1 3 facing the first substrate 1 1 at a prede- so 
ter mined distance, and a second electrode 14 provided 
on the second substrate 13, wherein a portion where 
the first electrode 12 and the second electrode 14 over- 
lap one another serves as a display pixel. 
[0008] The first electrode 1 2 and the second electrode 55 
14 are striped electrodes and are in a matrix-type dis- 
play pixel arrangement. 

[0009] A liquid crystal layer 1 5 exists between the first 



substrate 1 1 and the second substrate 13, and the liquid 
crystal layer 15 is seated with a sealing agent 33 and a 
sealant. 

[001 0] An alignment layer is provided on the first sub- 
strate 1 1 and the second substrate 13 to align the liquid 
crystal layer 15 in a predetermined direction. 
[0011] For instance, in the case of a twisted nematic 
liquid crystal, the liquid crystal layer 15 aligns in the 
direction corresponding to the time 7 : 30 on the first 
substrate 1 1 side, and the time 4 : 30 on the second 
substrate 13, and has a twist angle of 90°. When the 
capacity of data display is required large, a super 
twisted nematic liquid crystal having an enlarged twist 
angle from 210° to 260° is sometimes used. 
[001 2] A first polarizing film 21 consists of an absorp- 
tion-type polarizing film on which a coloring agent is 
spread in the one direction is provided on the first sub- 
strate 1 1 , and a second polarizing film 22 consists of. for 
example, DBEF (trade name) made by Sumitomo 3M 
Co., Ltd. is provided as a reflection-type polarizing film 
on the second substrate 12. 

[0013] The transmission axes of the first polarizing 
film 21 and the second polarizing film 22 are disposed 
parallel with each other and by combination with a liquid 
crystal panel, a strong reflection state can be shown 
when the voltage applied to the liquid crystal layer 15 is 
low, and a transmission state can be shown when the 
applied voltage is high. 

[0014] Below the liquid crystal display panel 300, a 
light source 7 consisting of an electroluminescent ele- 
ment (EL) is provided, and a printed circuit board 5 to 
apply a predetermined voltage to the liquid crystal dis- 
play panel 300 and the light source 7 is provided. 
[001 5] On the first substrate 1 1 forming the liquid crys- 
tal display panel 300, an integrated circuit (IC) 96 com- 
prising a driver circuit to drive a liquid crystal display 
panel is provided and a flexible printed circuit (FPC) 36 
is used to connect the printed circuit board 5 and the liq- 
uid crystal display panel. 

[001 6] The printed circuit board 5 and the light source 
7 are connected through a terminal for a light source 
(not shown). 

[001 7] The liquid crystal display panel 300 is held with 
a panel stopper, and is connected to the printed circuit 
board 5 and the like with a circuit board stopper holding 
the printed circuit board 5 and the like. 
[0018] On the side face of the printed circuit board 5, 
a battery 6 is connected by means of a battery stopping 
spring 38. 

[001 9] A liquid crystal display device module consist- 
ing of the liquid crystal display panel 300 and the printed 
circuit board 5 is housed in the inside of a case 1 of the 
liquid crystal display device, having a glass 2 and a case 
back 3. 

[0020] The liquid crystal display device having such a 
structure has a display section 41 shown in Fig. 17, and 
the display section 41 has a input-letter display section 
48 which makes it possible to input on the liquid crystal 
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display panel with an input-pen 10. The liquid crystal 
display device also has a series of control switches to 
display information necessary to a viewer. 
[0021] The liquid crystal display device is provided 
with buttons such as scroll (+), (-) buttons 51 and 52 to 
scroll the display a display mode shifting button 53, and 
an electric power switch 54 and with a speaker 40 for 
acoustic information. These control switch or buttons 
are mounted on a switch board 70 shown in Fig. 18 and 
are connected with the printed circuit board 5 through a 
FPC71. 

[0022] The display of only the data alone imparts a 
monotonous design, and further lacks an interesting 
feature, which leads to loss of popularity among cus- 
tomers. 

[0023] As is shown in the conventional example, even 
when a metallic display can be realized by applying a 
reflection-type polarizing film, a liquid crystal display 
device which can perform a data display in a variety of 
designs has been still required. 

[0024] A method of shielding (opening and closing of 
a shutter) a portion or all of the data-display section of 
the liquid crystal display device in accordance with cir- 
cumstances at the time of use or internal condition of 
the liquid crystal display device has been studied, but it 
can not be said sufficient with regard to making the liq- 
uid crystal display device thinner and controllable. 
[0025] It is also required that the closing and opening 
of a time-display section can be performed by a liquid 
crystal display device user, a timer, or a signal from the 
outside through communication, or that display or no 
display of information can be carried out by using a por- 
tion of the time-display section itself as a shutter. How- 
ever, the above design challenges of such a liquid 
crystal display device have not been solved. 
[0026] An object of the present invention is to solve 
the disadvantages described above and provide a dig- 
ital-type liquid crystal display device having a variety of 
designs. Another object of the present invention is to 
improve the design and provide a variously configurable 
liquid crystal display device, wherein the time-display 
section can be closed or opened in accordance with cir- 
cumstances where the liquid crystal display device is in 
use, a control signal from a user, or internal conditions 
of the liquid crystal display device. 

DISCLOSURE OF THE INVENTION 

[0027] To achieve the above described object, a liquid 
crystal display device according to the present invention 
is comprised of laminated plural sheets of liquid crystal 
display panels, each of which comprises a liquid crystal 
layer filled in a gap between a pair of transparent sub- 
strates which provide an electrode on each opposing 
inner surface, and a reflection-type polarizing film which 
transmits the light linearly polarized in the direction par- 
allel to the transmission axis thereof and reflects the 
light linearly polarized in the direction orthogonal to the 



transmission axis thereof, is disposed on at least any 
surface among the top surface of the plural sheets of the 
liquid crystal display panels, between liquid crystal dis- 
play panels, and the bottom surface of the plural liquid 

5 crystal display panels. 

[0028] Especially, it is preferable that two sheets of the 
above described liquid crystal display panel are lami- 
nated in such a manner that at least a portion thereof is 
overlaped each other, and the above described reflec- 

io tion-type polarizing film may be disposed at any one of 
position among the top surface of the two laminated 
sheets of the liquid crystal display panel, between the 
two laminated sheets of the liquid crystal display panel, 
and the bottom surface thereof. 

15 [0029] In such a case, it is desirable to dispose the 
above described reflection-type polarizing film between 
the two laminated sheets of the liquid crystal display 
panels. 

[0030] The reflection-type polarizing film is preferably 
20 disposed in such a manner that the reflection-type 
polarizing film is adhered to one substrate of the liquid 
crystal display panel and a predetermined gap is pro- 
vided between the other substrate of the liquid crystal 
display panel. 

25 [0031] The gap between the above described reflec- 
tion-type polarizing film and the opposing substrate of 
the liquid crystal display panel can be formed with a 
printed layer provided around the display area of the liq- 
uid crystal display panel. 

30 [0032] A liquid crystal display panel according to the 
present invention can be structured in such a manner 
that two sheets of the above structured liquid crystal dis- 
play panels are laminated so that at least a portion 
thereof is respectively overlaped each other, and a first 

35 polarizing film is disposed on the top surface of the two 
laminated liquid crystal display panel, a second polariz- 
ing film is disposed between the two sheets of the liquid 
crystal display panel, and a third polarizing film is on the 
bottom surface, respectively. 

40 [0033] Alternatively, a plurality of the above-di scribed 
reflection-type polarizing films can be disposed. 
[0034] It is preferable that the top surface of the lami- 
nated two sheets of liquid crystal display panels is 
placed on the visible side, and that the first polarizing 

45 film is an absorption-type polarizing film to transmit the 
light linearly polarized in the direction parallel to a trans- 
mission axis thereof but to absorb the light linearly 
polarized in the direction orthogonal to the transmission 
axis thereof, the second polarizing film is a reflection- 

so type polarizing film, and the third polarizing film is a 
combination of a light-diffusion layer and the reflection- 
type polarizing film. 

[0035] In addition, it is preferable that the first polariz- 
ing film, the second polarizing film, and the above 
55 described liquid crystal display panel disposed in 
between, are arranged to have a high transmission 
characteristic, as opposed to having a high reflection 
characteristic, in relation to a viewer side, when a volt- 
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age applied to the liquid crystal display panel is 
increased. 

[0036] It may also be preferable, on the contrary, that 
the first polarizing film, the second polarizing film, and 
the liquid crystal display panel disposed in between are 
arranged to have a high reflection characteristic, as 
opposed to having a high transmission characteristic, in 
relation to the viewer side, when a voltage applied to the 
liquid crystal display panel is increased. 
[0037] When the high reflection characteristic is 
shown in relation to the viewer side by the above 
described first polarizing film, the second polarizing film, 
and a first liquid crystal display panel disposed in 
between, low voltage is preferably applied to a second 
liquid crystal display panel. 

[0038] Alternatively, in a liquid crystal display panel 
according to the present invention, two sheets of the liq- 
uid crystal display panels structured as described above 
are laminated in such a manner that at least a portion 
respectively of the two sheets of the liquid crystal dis- 
play panels is overlaped each other, a first polarizing 
film is disposed on the upper surface of the first liquid 
crystal display panel disposed on the viewer side one of 
the laminated two sheets of the liquid crystal display 
panels, a second polarizing film is disposed between 
the first liquid crystal display panel and the second liquid 
crystal display panel, that is the other liquid crystal dis- 
play panel, and a third polarizing film is disposed on the 
bottom surface of the above described second liquid 
crystal display panel, respectively. 
[0039] The first liquid crystal display panel has a plu- 
rality of segment display sections, and when the display 
shows a high transmission characteristic with the first 
polarizing film, the second polarizing film and the first 
liquid crystal display panel, the portion between each 
segment display section of the first liquid crystal display 
panel has a steady section in which a high reflection 
characteristic is constantly maintained when no voltage 
is applied to the liquid crystal layer. 
[0040] The second liquid crystal display panel has a 
display pixel consisting of a matrix-type electrode struc- 
ture. The display pixel of the second liquid crystal dis- 
play panel is smaller than the above-described steady 
section, and a font size displayed by the second liquid 
crystal display panel can be made larger than the 
steady section of the first liquid crystal display panel 
[0041 ] Furthermore, a reflection-type polarizing film is 
disposed between the first liquid crystal display panel 
and the second liquid crystal display panel, an optical 
power-generating element which generates electric 
power on exposure to light is disposed on the bottom 
side of the second liquid crystal display panel, viewed 
through the polarizing film, and the display is performed 
on the first liquid crystal display panel or on the second 
liquid crystal display panel by means of light having a 
wavelength area contributing to the power generation of 
the optical power-generating element so that the elec- 
tric power generated by the optical power-generating 



element can be used for power to drive the first and sec- 
ond liquid crystal display panels. 
[0042] In such a case, a light scattering layer is pref- 
erably disposed between the optical power-generating 

5 element and the second liquid crystal display panel. 
[0043] A light-wavelength conversion layer, which 
absorbs short wavelength light and emits long wave- 
length light, can be arranged between the above 
described optical power-generating element and the 

10 second liquid crystal display panel. 

[0044] A liquid crystal display device according to the 
present invention has at least any one of a sensor which 
detects a control signal generated by a viewer (user), a 
sensor to detect the circumstances of use, and a sensor 

is to detect the time at which the liquid crystal display 
device displays, and a ratio of light incident on the trans- 
mission axis of the reflection -type polarizing film to light 
incident on the reflection axis intersecting the transmis- 
sion axis at right angles can be varied by the liquid crys- 

20 tal display panel in accordance with a signal output by 
the sensor. 

[0045] Alternatively, a sensor which detects a radio 
wave signal existing in the applied circumstance may 
also be provided, and in accordance with the signal 
25 detected by the sensor and an output signal therefrom, 
a ratio of light incident on the transmission axis to the 
light incident on the reflection axis orthogonal to the 
transmission axis can be varied by the liquid crystal dis- 
play panel. 

30 [0046] The application of voltage to the liquid crystal 
layers of the above described plural liquid crystal dis- 
play panels is periodically and continuously conducted 
and the content displayed on each liquid crystal display 
panel is slightly shifted so that a three dimensional dis- 
ss play can be performed, by means of a positional differ- 
ence in the laminating direction of each liquid crystal 
display panel and the deviation of the display. 
[0047] It is preferable to provide a light source, which 
emits light upon application of voltage thereto, on the 
40 bottom side of the lowest surface of the plural liquid 
crystal display panel. In such a case, the liquid crystal 
display panel can be driven in synchronization with the 
light source. 

[0048] Alternatively, a fluorescent ink layer which 
45 emits light by absorbing light and changing the wave- 
length thereof can be provided on any place among the 
light source, on the polarizing film in the lowest layer, or 
between the above described light source and the 
polarizing film. 

so [0049] Furthermore, it is preferable to provide a light- 
diffusion layer consisting of a spacer on at least any one 
of the bottom side and the top side of the above 
described reflection-type polarizing film so that the 
reflection-type polarizing film and a opposing substrate 

55 form a gap with the spacer. 
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BRIEF DESCRIPTION OF DRAWINGS 
[0050] 

Fig. 1 is a perspective view of a liquid crystal display 
device showing a first embodiment of the present 
invention; 

Fig. 2 is a plane view showing a shutter-closed 
state of the liquid crystal display device, and Fig. 3 
is a plane view similarly showing a shutter-opened 
state; 

Fig. 4 is a schematic sectional view taken along the 
line B-B in Fig. 2, and Fig. 5 is an enlarged sectional 
view of the liquid crystal display panel portion 
thereof in which a middle portion is broken away; 
Fig. 6 is a system block diagram of the liquid crystal 
display device of the first embodiment of the 
present invention; 

Fig. 7 is a schematic sectional view of a liquid crys- 
tal display device showing a second embodiment of 
the present invention, and Fig. 8 is an enlarged sec- 
tional view of the liquid crystal display panel portion 
thereof in which a middle portion is broken away; 
Fig. 9 is a schematic sectional view of a liquid crys- 
tal display device showing a third embodiment of 
the present invention, and Fig. 10 is an enlarged 
sectional view of the liquid crystal display panel por- 
tion thereof in which the middle portion is broken 
away. 

Fig. 11 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing a fourth embodiment of the 
present invention, in which a middle portion is bro- 
ken away; 

Fig. 12 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing a fifth embodiment of the 
present invention, in which a middle portion is bro- 
ken away; 

Fig. 13 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing a sixth embodiment of the 
present invention, in which a middle portion is bro- 
ken away; 

Fig. 14 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing a seventh embodiment of the 
present invention, in which a middle portion is bro- 
ken away; 

Fig. 15 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing an eighth embodiment of the 
present invention, in which a middle portion is bro- 
ken away; 

Fig. 16 is an enlarged sectional view of a liquid 
crystal display panel portion of a liquid crystal dis- 
play device showing a ninth embodiment of the 
present invention, in which a middle portion is bro- 



ken away; 

Rg. 17 is a perspective view showing an example of 
the conventional liquid crystal display device; and 
Rg. 18 is a schematic sectional view taken along 
5 the line A-A in Fig. 17, and Fig. 19 is an enlarged 
sectional view of the liquid crystal display panel por- 
tion in which a middle portion is broken away. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 

[0051] The embodiments of a liquid crystal display 
device to best carry out the present invention will be 
hereinafter explained with reference to drawings. 

15 First embodiment: Fig. 1 to Fig. 6. 

[0052] First, a liquid crystal display device according 
to the first embodiment of the present invention will be 
explained with reference to Fig. 1 to Fig. 6. 

20 [0053] The liquid crystal display device of the present 
invention is provided with plural liquid crystal display 
panels which are laminated in such a manner that at 
least a portion of the display areas are overlaped each 
other respectively. 

25 [0054] In the liquid crystal display device of the first 
embodiment, as shown in Fig. 4, a first liquid crystal dis- 
play panel 100 and a second liquid crystal display panel 
200 are laminated so that most of the display area of 
each overlaps the other. 

30 [0055] The first liquid crystal display panel 100 con- 
sists of a first substrate 1 1 , a first electrode 12 formed in 
the inner surface thereof, a second substrate 13 facing 
the first substrate 1 1 at a predetermined distance, and a 
second electrode 14 formed in the inside surface of the 

35 second substrate 1 3. in order from the glass 2 side (side 
visible to a view). 

[0056] The first substrate 1 1 and the second substrate 
13 are transparent glass plates and on the inner facing 
surfaces of the substrate 1 1 and 13, the first electrode 
40 1 2 and the second electrode 1 4 are formed in predeter- 
mined patterns of indium tin oxide (ITO), a transparent 
conductive material. 

[0057] A portion in which the first electrode 1 2 and the 
second electrode 1 4 overlap becomes a display pixel. In 
45 the first embodiment, the display pixel has a non-divided 
one-face electrode shape. 

[0058] A first liquid crystal layer 15 is provided 
between the first substrate 1 1 and the second substrate 
13, contained therebetween by a sealing agent 33 and 

so a sealant. 

[0059] An alignment layer is provided on the first sub- 
strate 11, the second substrate 13, and the first and 
second electrode 12, 14 shown in Fig. 5, to align the first 
liquid crystal layer 15 in a predetermined direction. 

55 [0060] For instance, when a twisted nematic liquid 
crystal is used as the first liquid crystal layer 15, the liq- 
uid crystals align in the direction corresponding to the 
time 7 : 30 on the first substrate 1 1 , and the time 4 : 30 
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on the second substrate 13, and the twist angle of the 
first liquid crystal layer 15 is 90°. 
[0061] On the first substrate 11 provided is a first 
polarizing film 21 consisting of an absorption-type polar- 
izing film in which pigments are stretched in the one s 
direction, and on the second substrate 13 provided is a 
second polarizing film 22 consisting of, for example, 
DBEF (trade name) manufactured by Sumitomo 3M 
Co., Ltd. as a reflection-type polarizing film. 
[0062] The first polarizing film 21 and the second 10 
polarizing film 22 are arranged in such a manner that 
their transmission axes are parallel to each other, and in 
combination with the liquid crystal display panel 100, 
they exhibit a strong reflective characteristic when volt- 
age applied to the liquid crystal layer 15 is low, and is 
exhibit a transmission characteristic when high voltage 
is applied. 

[0063] The second polarizing film 22 is adhered on the 
second substrate 13 of the liquid crystal display panel 
1 00 with an adhesive agent. 20 
[0064] The structure of the second liquid crystal dis- 
play panel 200 includes, in order from the glass 2 side 
(side visible to a viewer), a third substrate 16, a third 
electrode 17 formed on the inside surface thereof, a 
fourth substrate 1 8 which faces the third substrate 1 6 at 25 
a predetermined distance, and a fourth electrode 19 
formed on the inside surface thereof. Overlapping por- 
tions of the third electrodes 1 7 and the fourth electrodes 

19 are display pixels. In the first embodiment, the third 
electrodes 17 and the fourth electrodes 19 of the sec- 30 
ond liquid crystal display panel 200 form a shape of 
striped electrodes intersecting each other at right 
angles to be a matrix-form display pixel array 

[0065] Between the third substrate 16 and the fourth 
substrate 1 8, a second liquid crystal layer 20 is provided 3s 
and sealed therein by a sealing agent 33 and a sealant. 
[0066] On the third substrate 16. the fourth substrate 
18 and on the third and fourth electrodes 17, 19 shown 
in Fig. 5, an alignment layer is provided to align the sec- 
ond liquid crystal layer 20 in a predetermined direction. 40 
[0067] For instance, when a twisted nematic liquid 
crystal is used for the second liquid crystal layer 20, the 
second liquid crystal layer 20 is aligned on the direction 
corresponding to the time 7 : 30 in the third substrate 16 
side and the time 4 : 30 on the fourth substrate 18 side, 45 
and the twist angle is taken to be 90°. That is, the first 
liquid crystal layer 15 and the second liquid crystal layer 

20 have the same alignment directions and the good 
viewing directions are the same. 

[0068] No polarizing film is provided on the third sub- so 
strate 16 and the second polarizing film 22 is used 
instead thereof, and an absorption-type polarizing film 
23 is arranged as a third polarizing film on the fourth 
substrate 18. 

[0069] The first polarizing film 21 and the second 55 
polarizing film 22 are disposed in such a manner that 
their transmission axes intersect with each other, and by 
combining the liquid crystal display panels 100 and 200, 



a high transmission characteristic is exhibited when low 
voltage is applied to the second liquid crystal layer 20. 
and a high absorption characteristic is exhibited when 
high voltage is applied. 

[0070] A spacer 35 is provided between the second 
polarizing film 22 and the third substrate 16. and it has 
a structure to provide a gap so as to not allow at least 
the second polarizing film 22 to be in contact with the 
third substrate 16. Further, a translucent reflecting film 
25 which reflects more than 50 % of light and transmits 
the remainder thereof is provided at the bottom surface 
of the third polarizing film 23. 

[0071 ] It is possible to change the ratio of the transmit- 
tance to the reflectance of the translucent reflecting film 
25 by controlling the thickness of silver (Ag), used 
therein as a reflecting film. 

[0072] A light source 7 which consists of an electrolu- 
minescent (EL) element is disposed on the bottom of 
the second liquid crystal display panel 200, and the 
printed circuit board 5 to apply a predetermined voltage 
to the first and second liquid crystal display panels 100, 
200 and the light source 7 is further provided. 
[0073] For connecting the printed circuit board 5 to the 
first liquid crystal panel 100, at first, by using a zebra- 
rubber connector 32, the first liquid crystal panel is con- 
nected to the fourth substrate 18 of the second liquid 
crystal panel 200. Then, they are in turn connected to 
the printed circuit board 5 through a flexible printed cir- 
cuit (FPC) 37 attached to the fourth substrate 18. 
[0074] The connection of the printed circuit board 5 
with the second liquid crystal display panel 200 is car- 
ried out by the face-down mounting on the fourth sub- 
strate 1 8 of a panel driver IC for driving the liquid crystal 
display panel, using a chip-on-glass method (COG) and 
connected through the FPC 37. 
[0075] Since the second electrode 14 on the second 
substrate 13 is transferred to the first substrate 11, 
using a conductive sealing material, a signal connection 
to the first liquid crystal display panel 100 is completed 
by connecting to an electrode on the first substrate 1 1 . 
Therefore, this structure of mounting can be said to be a 
suitable mounting means for the first liquid crystal dis- 
play panel 1 00 and the second liquid display panel 200. 
[0076] The second polarizing film 22 is adhered on the 
bottom surface of the second substrate 13 with an 
adhesive agent, and between the second polarizing film 
22 and the third substrate 16 the spacer 35 made of 
plastic beads is spread. 

[0077] By not bonding the second polarizing film 22 
and the third substrate 16, it becomes easy to position 
the first liquid crystal display panel 100 and the second 
liquid crystal display panel 200. Furthermore, occur- 
rence of bubbles between the second polarizing film 22 
and the third substrate 16 can be prevented. 
[0078] Because the second polarizing film 22 is a 
reflection-type polarizing film, the occurrence of distor- 
tion in the second polarizing film 22 becomes visible 
even if it is a small distortion such as that which is invis- 
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ible in the conventional absorption-type polarizing film. 
[0079] Therefore, it is important to provide a spacer 
(gap) between the second polarizing film 22 and the 
third substrate 16. 

[0080] In order to obtain a minor characteristic on the s 
first liquid crystal display panel, it is not preferable to 
spray the spacer between the second substrate 13 and 
the second polarizing film 22 due to a lessening thereby 
of the mirror characteristic. 

[0081 ] Further, the occurrence of distortion in the sec- io 
ond polarizing film 22 lowers the display quality. 
[0082] The gap between the second polarizing film 22 
and the third substrate 16 depends on the uniformity of 
area and thickness between the second substrate 13 
and the third substrate 1 6, or the uniformity of thickness 15 
between the second polarizing film 22 and the adhesive 
layer. Since the size is limited in the case of the liquid 
crystal display device, the gap is limited by an amount of 
the sprayed plastic beads, ft the amount of beads is 
greater than 10 pcs/mm 2 , the gap in a range between 5 20 
to 100 micrometers frim) is suitable, and in a range 
between 10 to 50 micrometers (jam) is more suitable to 
prevent the display quality of the second liquid crystal 
display panel 200 from lowering. 

[0083] When the gap is small, interference fringes 25 
break out due to close proximity of the second polariz- 
ing film 22 with the third substrate 1 6. 
[0084] When the gap is large, on the contrary, since 
the distance between the second polarizing film 22 and 
the translucent reflecting film 25 becomes large, so that 30 
the display of the second liquid crystal display panel 
becomes unclear. By setting the height of the spacer 35 
to be within the above-described values, an excellent 
display can be obtained. 

[0085] The battery 6 is fixed with a battery stopper 38 35 
on the side wall of the printed circuit board 5. On the 
printed circuit board 5, as shown in Fig. 1 to Fig. 3, a 
scroll up (+) botton 51 and a scroll down (-) button 52, a 
display mode shifting switch 53, a power switch button 
54, and a speaker 40 are provided to allow user input of 40 
commands, and the buttons or switches are connected 
to the printed circuit board 5 through a switch board 70 
and a switch-use FPC 71 . 

[0086] Thus, a liquid crystal display module having a 
two-layer structure of the first liquid crystal display panel 45 
100 and the second liquid crystal display panel 200 is 
assembled. 

[0087] The liquid crystal display device thus structured 
has a shutter-display section 41 (Fig. 1 to Fig. 3) which 
consists of an undivided electrode structure having an so 
area of the first liquid crystal display panel 100 larger 
than the area of the display section of the liquid crystal 
display panel 200, and becomes a shutter display 44 
which has an uniform display as shown in Fig. 2 and 
which shows a strong reflective characteristic when no ss 
voltage or low voltage is applied on the first liquid crystal 
layer 1 5. 

[0088] At this time, the first liquid crystal display panel 



100 serves as a closed shutter to shield the display of 
the second liquid crystal display panel 200. 
[0089] Next, as shown in Fig. 3, a schedule display 42 
to show information in the memory IC and a shutter- 
control display 43 are shown on the display section of 
the second liquid crystal display panel to be waiting a 
command to open or close of the shutter. 
[0090] By selecting "Y" on the shutter-control display 
43, the shutter function of the first liquid crystal display 
panel 100 operates as shown in Fig. 1, and a change in 
shutter display 44 from a transmission state to a reflec- 
tion state is displayed on a part of the display section, 
and a shutter-state display 47 in a secret (closing) oper- 
ation is put on. 

[0091 ] In order to divide the shutter display section 41 
into two parts, the gap of the first liquid layer 1 5 is made 
step-wise in this embodiment. 

[0092] When high voltage is gradually applied on the 
first liquid crystal layer 1 5 which comprises the first liq- 
uid crystal display panel 100, the shutter takes an open 
state with even a low voltage applied at the place where 
the gap of the first liquid crystal layer 15 is small. 
[0093] On the contrary, where the gap is large, the 
shutter remains in a closed state until it reaches a high 
voltage condition. 

[0094] By making the voltage applied to the first liquid 
crystal display panel 100 higher, it is controlled to a 
state of transmittance over its entire area, and as shown 
in Fig. 3. all of the surface of the display section of the 
second liquid crystal display panel 200 can be seen as 
the shutter display section 41 is controlled to a full-open 
state. 

[0095] A pen-input type input device is provided on the 
glass 2 in this embodiment. The pen-input type input 
device has a pressure-sensitive system and an electro- 
magnetic induction system, and the pressure-sensitive 
system is advantageous because of its portability and 
cost-performance. 

[0096] There is a resistance film method utilized in the 
pressure-sensitive system. The method is performed in 
a manner wherein two sheets of thin film substrate face 
each other divided by a spacer therebetween, and a 
high-resistance transparent conductive film is formed 
on each facing surface of the two sheets of the sub- 
strate and a position where the upper and lower trans- 
parent conductive films are brought into contact with 
each other by an applied pressure is computed from the 
resistance value. 

[0097] ft becomes possible to arrange an input device 
on the display section by using a pen-input type input 
device utilizing an input pen 10. But, the pressure is 
transferred to the first liquid crystal display panel 100, 
and further to the second liquid crystal display panel 
200 and puts pressure on the gap between the second 
polarizing film 22 and the third substrate 16. 
[0098] However, by providing the spacer 35 made of 
plastic beads in a gap between the second polarizing 
film 22 and the third substrate 16, a uniform gap can be 
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maintained, and the lowering of display visibility due to 
interference fringes does not occur. 
[0099] Next, the function of the first embodiment will 
be explained with reference to a system block diagram 
shown in Fig. 6. . 

[0100] An information-generating means 92 consists 
of a standard signal generating circuit 72, a memory 
information circuit 75, and an input information circuit 
76, and the standard signal generating circuit 72 is 
structured with a power source circuit 73 and a central 
processing circuit (CPU) 74. The CPU 74 performs 
each kind of signal processing based on a clock signal 
(several ten mega Hz). 

[0101 ] A bidirectional processing is performed with the 
memory information circuit 75 or the input information 
circuit 76, so that the information necessary for the dis- 
play of the display device (the second liquid crystal dis- 
play panel) 79 is supplied. 

[0102] Information from the memory information cir- 
cuit 75 and the input information circuit 76 is converted 
into a predetermined signal by a CPU 74, transferred to 
a controller circuit 85, outputted to a scanning signal 
generating circuit 77 and a data signal generating circuit 
78, and input to the display device 79. 
[0103] Thus, memory information, information from 
pen-input type input device, shutter information and so 
on are displayed. 

[0104] Next, a shutter display section that is a display 
of the first liquid crystal display pane! 100 will be 
explained. In order to drive a switch shutter device 83 
(the first liquid crystal display panel) in the shutter unit to 
behave as a shutter, a switch signal output from a 
switching means 80 is output as a control signal to a 
shutter controlling means 93 consisting of an open- 
close control circuit 81 to control a strong reflection 
state (shutter closing) and a full transmission state 
(shutter opening) on the display of the first liquid crystal 
display panel, and an open-close driving circuit 82 to 
drive a switch shutter device 83 that is the first liquid 
crystal display panel 100. 

[0105] The switch means 80 utilizes a signal inputted 
by a pen-input type input device in the first embodiment. 
[01 06] As explained above, a characteristic of the first 
embodiment is to provide the second polarizing film 22 
between the first liquid crystal display panel 100 and the 
second liquid crystal display panel 200, and the second 
polarizing film 22 is a reflection-type polarizing film 
which is adhered to the second substrate 13. 
[0107] A predetermined gap filled by spacer made of 
spherical plastic beads is provided between the second 
polarizing film 22 and the third substrate 16, which pre- 
vents the occurrence of interference fringes caused by 
the second polarizing film 22 and the third substrate 16, 
and makes it easy to position the first liquid crystal dis- 
play panel and the second liquid crystal display panel. 
[0108] Furthermore, it becomes possible to prevent 
distortion of the second polarizing film 22 and to 
improve the display quality of the second liquid crystal 



display panel by adopting plastic beads as a spacer and 
by optimizing the amount of the beads. 
[0109] In addition, it becomes possible to perform a 
mirror display in a fully closed shutter state with small 

5 power consumption by the liquid crystal display device 
by making the number of the display pixels of the first 
liquid crystal display panel small and the number of the 
display pixels of the second liquid crystal display panel 
large and by making the first liquid crystal display panel 

10 to be in a state of shutter closed display with no voltage 
applied. 

[01 1 0] In addition, by forming the second liquid crystal 
display panel as a matrix type, the power consumption 
can be adjusted as necessary. 

15 

Second embodiment: Fig. 7, Fig. 8 

[01 1 1 ] Next, a liquid crystal display device according 
to the second embodiment of the present invention will 

20 be explained with reference to Fig. 7 and Fig. 8. In these 
drawings, the same reference numerals are used to the 
same portion as these are used as in the explanation of 
the above described first embodiment in Fig. 4 and Fig. 
5, and the explanation thereof is omitted. 

25 [01 1 2] In the second embodiment, a feature different 
from the first embodiment is that a spacer 45 consisting 
of a printed layer is provided between the second sub- 
strate 1 3 and the second polarizing film 22, and the sec- 
ond polarizing film 22 is adhered on the third substrate 

30 16. 

[01 1 3] Another feature is such that a diffusion layer 46 
and the third polarizing film 23 are disposed on the bot- 
tom side of the fourth substrate 18. Still another feature 
is that no glass 2 is provided on the viewer side of the 

35 liquid crystal display device, the case 1 and the first sub- 
strate 1 1 have an equal surface height, and acrylic resin 
88 is filled in the border portion of the first substrate 1 1 
and the case 1 . Yet another feature is that a printed 
layer 89 is provided on the first polarizing film 21 of the 

40 first substrate 1 1 and the case 1 . 

[01 14] A reflection-type polarizing film is used as the 
second polarizing film 22 and as the third polarizing film 
23. 

[0115] Furthermore, as shown in Fig. 8, the first and 
45 second electrodes 12, 14 of the first liquid crystal dis- 
play panel 100 are formed in a striped manner and are 
arranged such that the electrode stripes intersect with 
each other at right angles, and the display pixels are 
formed thereby in a matrix form at a plurality of intersec- 
so tion points of the striped electrodes. 

[0116] The first polarizing film 21 consisting of an 
absorption-type polarizing film is disposed on the first 
substrate 1 1 of the first liquid crystal display panel 100, 
and on the second substrate 13 the spacer 45 consist- 
55 ing of a printed layer is provided to occupy a predeter- 
mined gap between second substrate 13 and the 
second polarizing film 22 on the third substrate 1 6 of the 
liquid crystal display panel 200. 
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[0117] The printed layer serves as, for instance, a 
panel cover for the first liquid crystal display panel 100 
or a panel cover for the second liquid crystal display 
panel 200, and the spacer 45 for the second polarizing 
film 22. 

[0118] The second liquid crystal display panel 200 is 
the same as the second liquid crystal display panel 200 
in the first embodiment. The second polarizing film 22 is 
adhered on the third substrate 16 of the second liquid 
crystal display panel 22 with an adhesive agent. 
[0119] On the fourth substrate 18, provided are a dif- 
fusion layer 46 which diffuses light by means of mixed 
beads of different refractive indexes in the adhesive 
agent, and a reflection-type polarizing film adhered with 
the diffusion layer 46. 

[01 20] By disposing the second polarizing film 21 and 
the third polarizing film 22 in such a manner that their 
transmission axes intersect at right angle, and by com- 
bining the above with the second liquid crystal display 
panel 200, a full transmission characteristic is displayed 
when a low voltage is applied to the second liquid crys- 
tal layer 20, and a strong reflection characteristic having 
also a diffusion characteristic due to the diffusion layer 
46 is displayed when a high voltage is applied. 
[0121] The third polarizing film 23 is a reflection-type 
polarizing film and by disposing the diffusion layer 46 
between the fourth substrate 18 and the third polarizing 
film 23, light transmitted through the second polarizing 
film 22 is allowed to reach the third polarizing film 23 
through the diffusion layer 46. and the light is reflected 
toward the second polarized film 22 side. 
[0122] Further, since the first liquid crystal display 
panel 100 shows a reflection state and a transmission 
state, when the first liquid crystal display panel 100 per- 
forms a display having a portion in a reflection state and 
a portion in a transmission state, the second liquid crys- 
tal display panel 200 shows a diffusion state or trans- 
mission state, whereby a difference from the display of 
the first liquid crystal display panel 100 is emphasized, 
and display visibility of the second liquid crystal display 
panel 200 is improved. 

[0123] Since the third polarizing film 23 has a reflec- 
tion characteristic, loss of light, such as loss caused by 
a translucent reflecting film, is avoided, and suitable 
reflection corresponding to the polarized light through 
the second polarizing film 22 and the second liquid crys- 
tal layer 20 can be performed, thereby a bright display is 
realized. 

[0124] By providing a fluorescent printed layer (not 
shown) on the bottom of the third polarizing film 23, and 
adopting colors in the visible long wavelength side as 
the colors of the fluorescent printed layer, a display in 
bright and attractive colors becomes possible when the 
first liquid crystal display panel 100 is in a transmission 
state and the second liquid crystal display panel 200 is 
also in a transmission state. 

[0125] In the liquid crystal display device having the 
above structure, a light source 7 composed of an elec- 



troluminescent (EL) element is disposed under the sec- 
ond liquid crystal display panel 200, and a printed circuit 
board to apply a predetermined voltage to the liquid 
crystal display panel and the light source 7 is provided. 

s [01 26] As shown in Fig. 7, the surface of the first sub- 
strate 1 1 and the surface of the case 1 of the liquid crys- 
tal display device are nearly the same in height. In the 
ordinary liquid crystal display device, a liquid crystal dis- 
play panel is disposed below the glass, which makes 

10 the display appear within rather than on the display. 
Therefore, there has been a pursuit of a design wherein 
the liquid crystal display panel and the case 1 have the 
same surface height. 

[0127] However, in the conventional one-layer liquid 

is crystal display panel structure, use of the key device of 
the display to serve also as the glass has been avoided. 
By making the liquid crystal display device in a multi- 
layer structure, and limiting the use of the liquid crystal 
display panel which is disposed on the viewer side, it 

20 becomes possible to prevent the display quality from 
deteriorating under the above configuration. 
[01 28] In the second embodiment, the first liquid crys- 
tal display panel 100 is fixed to the case 1 with acrylic 
resin 88, and the air-tightness therein is secured. Fur- 

25 ther, a printed layer 89 to perform shielding is provided 
on a portion of the case 1 , the first substrate 1 1 and the 
first polarizing film 21 . The printed layer 89 can prevent 
the peeling off of a laminated portion of the first polariz- 
ing film 21 , or peeling of the first substrate 1 1 , and pro- 

30 tect the assembly from humidity by shielding the resin 
88 which fixes the first liquid crystal display panel 1 00 to 
the case 1 . 

[01 29] As described above, a plurality of liquid crystal 
display panels are used, and a portion of polarizing film 

35 is commonly used on the first liquid crystal display panel 
100 and the second liquid crystal display panel 200. The 
polarizing film is a reflection-type polarizing film, in 
order to improve the brightness of the first liquid crystal 
display panel 100 with reflection by the third polarizing 

40 film 23 and the second polarizing film 22. 

Third embodiment: Fig. 9, Fig. 10 

[0130] Next, a liquid crystal display device according 
45 to the third embodiment of the present invention will be 
explained with reference to Fig. 9 and Fig. 10. In these 
drawings, the same numerals are used as for the same 
or corresponding portions in the drawings for the first, 
and the second embodiments explained hereinbefore, 
so and an explanation thereof is omitted. 

[0131] In the liquid crystal display device according to 
the third embodiment, an arrangement of a first liquid 
crystal display panel 100 and a second liquid crystal 
display panel 200 is, as shown in Fig. 10, nearly the 
55 same as that of the second embodiment shown in Fig. 
8. 

[0132] And no polarizing film is placed on a third sub- 
strate 16 of the second liquid crystal display panel 200, 
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and a second polarizing film 22 is used instead thereof. 
On a fourth substrate 18, a diffusion layer 46 and a third 
polarizing film 23 consisting of a reflection-type polariz- 
ing film is provided. 

[0133] The second polarizing film 22 and the third 
polarizing film 23 are arranged in such a manner that 
their transmission axes intersect at right angles, and 
combined with a second liquid crystal layer 20, they 
have a high transmission characteristic when voltage 
applied to the liquid crystal layer 15 is low, and have a 
strong reflection characteristic when high voltage is 
applied. 

[0134] A printed layer 55 formed on the third substrate 
16 is provided between the second polarizing film 22 
and the third substrate 16, and the second polarizing 
film 22 and the third substrate 16 are separated by a 
predetermined gap 56. 

[0135] According to the above-described structure, a 
module of the liquid crystal display device having a two- 
layer structure consisting of the first liquid crystal dis- 
play panel 100 and the second liquid crystal display 
panel 200 is provided. 

[0136] As shown in Fig. 9, the first and second liquid 
crystal display panel 100 and 200 so arranged are held 
by a case 1 , a glass 2, and a case back 3 of a cellular 
phone. A light source 7 is provided below the second 
liquid crystal display panel 200 and the light source 7, a 
transmiting/receiving circuit 98, a battery 6 and a key- 
switch 100 for the input of a comand or information are 
connected to the printed circuit board 5 directly or 
through a switch. The battery 6 is held by a battery 
cover 99. 

Fourth embodiment: Fig. 11 

[0137] The fourth embodiment of the present inven- 
tion will next be explained, with reference to Fig. 1 1 . 
[0138] Fig. 11 is an enlarged sectional view of the liq- 
uid crystal display panel in which a middle portion is 
broken away. 

[0139] The characteristic feature of the fourth embod- 
iment lies in that a second substrate 13 and a second 
polarizing film 22 are adhered with an adhesive agent, 
and a diffusion layer 57 is provided between the second 
polarizing film 22 and a second substrate 13. Below a 
fourth substrate 18, the diffusion layer 46 and a third 
polarizing film 23 are disposed. The second polarizing 
film 22 and the third polarizing film 23 are a reflection- 
type polarizing film. 

[0140] Since other aspects of the embodiment are the 
same as those in the aforementioned second embodi- 
ment, the explanation thereof will be omitted. 
[0141] In this liquid crystal display device, the occur- 
rence of interference fringes caused by contact of the 
second polarizing film 22 with the third substrate 1 6 can 
be prevented, and whiteness of the second liquid crystal 
display panel is emphasized, as the diffusion layer 57 is 
provided between the second polarizing film 22 and the 



second substrate 13. 

[01 42] Further, a reflection-type polarizing film is used 
as the third polarizing film 23, and a diffusion layer 46 is 
disposed between a fourth substrate 18 and the third 

5 polarizing film 23 so that light penetrating through the 
second polarizing film 22 reaches the reflection-type 
polarizing film, that is the third polarizing film 23, effec- 
tively through the diffusion layer 46, and the light is 
reflected thereby toward the second polarizing film 22 

10 side. 

[0143] Since the first liquid crystal display panel 100 
shows a reflection state and a transmission state, when 
the first liquid crystal display panel 100 displays a por- 
tion in a reflection state and a portion in a transmission 

15 state simultaneously, a virtual contrast ratio is higher 
when the second liquid crystal display panel 200 shows 
a diffusive state and a transmission state, and thus the 
visibility of the display of the second liquid crystal dis- 
play panel 200 can be improved. 

20 [0144] Since the third polarizing film 23 has a reflec- 
tion characteristic, loss of light can be further reduced 
as compared with the case of using a translucent polar- 
izing film. In other words, since the suitable reflection for 
polarized light of the second polarizing film 22 and the 

25 second crystal liquid layer 20 can be utilized, a bright 
display can be realized. 

[0145] A fluorescent printed layer is provided on the 
bottom of the third polarizing film 23, and a color having 
a wavelength in the visible long wavelength range side 
30 is adopted for the color of the fluorescent print-layer, 
whereby a bright display in an attractive color becomes 
possible when the first liquid crystal display panel 1 00 is 
in a transmission state and the second liquid crystal dis- 
play panel 200 is also in a transmission state. 

35 

Fifth embodiment: Fig. 12 

[01 46] Next, the fifth embodiment of the present inven- 
tion will be explained with reference to Fig. 1 2. 

40 [0147] Fig. 12 is an enlarged sectional view of the liq- 
uid crystal display panel of the liquid crystal display 
device in which a middle portion is broken away. 
[01 48] A characteristic feature of the fifth embodiment 
is such that a second substrate 13 and a second polar- 

45 izing film 22 are bonded together with an adhesive 
agent and a gap (an air layer) 56 is provided between 
the second polarizing film 22 and a third substrate 16. 
Below a fourth substrate 18, a reflection-type polarizing 
film is disposed as a third polarizing film 23. 

so [0149] Since other aspects are here the same as 
those in the second embodiment, explanation thereof 
will be omitted. 

[0150] By providing the gap 56 between the second 
polarizing film 22 and a third substrate 16 of the second 
55 liquid crystal display panel 200 in this liquid crystal dis- 
play device, the occurrence of interference fringes 
caused by contact of the second polarizing film 22 with 
the third substrate 16 is avoided. 
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[01 51 ] To establish the gap 56 (air layer), a protrusion 
is provided on a portion of a panel stopper to fix the first 
liquid crystal display panel 100 and the second liquid 
crystal display panel 200, and by inserting the protru- 
sion between the first liquid crystal display panel 100 5 
and the second liquid crystal display panel 200. the fix- 
ing of the liquid crystal display panels 100 and 200 and 
the formation of the gap 56 can be performed at the 
same time. 

[01 52] The second liquid crystal display panel 200 can 10 
possess a large reflection characteristic when the sec- 
ond polarizing film 22 and the third polarizing film 23 
consist of a reflection-type polarizing film, whereby the 
reflection characteristic of the first liquid crystal display 
panel 100 can be enhanced. 15 
[0153] Especially, when the second liquid crystal dis- 
play panel 200 has not a segment electrode structure, 
and, in place of it, has a third electrode 1 7 and a fourth 
electrode 19 formed in a striped electrode structure, 
and an intersection point of the striped electrode struc- 20 
ture comprises a pixel electrode, it becomes possible to 
reversibly shift a large area of the display into a trans- 
mission state or a reflection state. Therefore, in a por- 
tion of the first liquid crystal display panel 100 in a 
reflection state, an excellent reflection characteristic 25 
can be achieved when the second liquid crystal display 
panel 200 is also in a reflection state. 
[0154] Furthermore, even when the display state of 
the first liquid crystal display panel 100 is in a transmis- 
sion state (shutter open), an aftereffect of the reflection 30 
state of the first liquid crystal display panel 100 can be 
remained by displaying a reflection state and a trans- 
mission state through the second liquid crystal display 
panel 200. 

[0155] In other words, the reflection characteristic of 35 
the first liquid crystal display panel 100 is reinforced by 
utilizing the reflection characteristic of the second liquid 
crystal display panel 200, and a portion being in a trans- 
mission state can appear in a full reflection state oweing 
to a corresponding pixel of the second liquid crystal dis- 40 
play panel 200 in a reflective state. 
[0156] Since the light absorbed by a conventional 
polarizing film can be emitted again to the viewer side 
by utilizing a multiple reflection by the second polarizing 
film 22 and the third polarizing film 23, a bright display 45 
can be realized with a liquid crystal display panel having 
a double structure. 

Sixth embodiment: Fig. 13 

so 

[0157] Next, the sixth embodiment of the present 
invention will be explained with reference to Fig. 13. 
[0158] Fig. 1 3 is an enlarged sectional view of the liq- 
uid crystal display panel portion of the liquid crystal dis- 
play device in which a middle portion is broken away. 55 
[01 59] A characteristic feature of the fifth embodiment 
is such that a second substrate 13 and a second polar- 
izing film 22 are bonded together with an adhesive 



agent and a gap (an air layer) 56 is provided between 
the second polarizing film 22 and a third substrate 16. 
Below a fourth substrate 18, a reflection-type polarizing 
film is disposed as a third polarizing film 23. Another 
feature is to provide a color filter 58 between the fourth 
substrate 18 and the third polarizing film 23. 
[01 60] Since other configurations are the same as that 
in the second embodiment, the explanation thereof will 
be omitted. 

[01 61 ] In this liquid crystal display device, a reflection- 
type polarizing film adhered by means of an adhesive 
agent is provided as the third Polarizing film 23 on the 
fourth substrate 18 of a second liquid crystal display 
panel 200. Further, a color filter 58 is provided between 
the third Polarizing film 23 and the fourth substrate 18. 
[01 62] By providing the color filter 58, a bright reflec- 
tion color can be achieved, utilizing the reflection char- 
acteristic of the third polarizing film 23. By using a 
multiple color filter as the color fitter 58, a variety of 
designs can be achieved and the design is further 
improved through a synergistic effect of the opening and 
closing of the first liquid crystal display panel 100. In 
addition, by making the color filter 58 to be a fluorescent 
printed layer, a bright color can be realized. 
[0163] By providing a gap 56 between the second 
polarizing film 22 and a third substrate 16, the occur- 
rence of interference fringes caused by contact of the 
second polarizing film 22 and the third substrate 16 is 
avoided. 

[01 64] The second liquid crystal display panel 200 can 
possess a large reflection characteristic when the sec- 
ond polarizing film 22 and the third polarizing film 23 
consist of a reflection-type polarizing film, whereby the 
reflection characteristic of the first liquid crystal display 
panel 100 can be enhanced. This effect is the same as 
that in the case of the aforementioned fifth embodiment. 

Seventh embodiment: Fig. 14 

[0165] Next, the seventh embodiment of the present 
invention is explained with reference to Fig. 14. 
[01 66] Fig. 1 4 is an enlarged sectional view of the liq- 
uid crystal display panel portion of the liquid crystal dis- 
play device in which a middle portion is broken away. 
[0167] One of the characteristics of the seventh 
embodiment is that a polarizing film formed of two layers 
of a reflection-type polarizing film and an absorption- 
type polarizing film is used for a first polarizing film 21 . 
A second substrate 13 and a second polarizing film 22 
are adhered with an adhesive agent and a gap (air 
layer) 56 is provided between the second polarizing film 
22 and a third substrate 17. 

[01 68] Another characteristic is such that a third polar- 
izing film 23 being a reflection-type polarizing film is dis- 
posed below a fourth substrate 18, and the second 
polarizing film 22 and the third Polarizing film 23 consist 
of a reflection-type polarizing film. 
[01 69] Since other aspects are the same as those in 
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the second embodiment, the explanation thereof will be 
omitted. 

[0170] In a first liquid crystal display panel 100 of the 
liquid crystal display device arranges the transmission 
axes of the first polarizing film 21 and the second polar- 
izing film 22 are parallel. When the voltage applied to a 
liquid crystal layer 15 is low, the display panel 100 
shows a strong reflection characteristic and when the 
voltage is high, it shows a transmission characteristic. 
The second polarizing film 22 is adhered to the second 
substrate 13 with an adhesive agent. 
[01 71 ] By providing an absorption-type polarizing film 
(a fifth polarizing film) 26 on the first polarizing film 21, 
when the first liquid crystal display panel 100 is in a 
transmission state, external light incident on a reflection 
axis of the reflection-type polarizing film is absorbed by 
the absorption-type polarizing film 26. Thus, visibility of 
the display of the second liquid crystal display panel 200 
can be improved and the effective utilization of light is 
achieved by means of multiple reflection of the first 
polarizing film 21 and the second polarizing film 22, so 
that the loss of light due to the double-layer structure of 
the liquid crystal display panel can be reduced. 

Eighth embodiment: Fig. 15 

[0172] Next, the eighth embodiment of the present 
invention will be explained with reference to Fig. 15. 
[0173] Fig. 15 is an enlarged sectional view of the liq- 
uid crystal display panel portion of the liquid crystal dis- 
play device in which a middle portion is broken away. 
[01 74] The characteristic feature of the eighth embod- 
iment is such that a super twisted nematic (STN) liquid 
crystal is adopted as a second liquid crystal layer which 
is used for be second liquid crystal display panel 200, 
and an retardation film 59 is provided below the second 
polarizing film 22. 

[0175] Since other aspects are the same as those in 
the first embodiment, explanation thereof will be omit- 
ted. 

[0176] In the liquid crystal display device, since the 
first liquid crystal display panel 100 is utilized as a shut- 
ter, the number of pixels is small. Therefore a twisted 
nematic (TN) liquid Crystal is used as a liquid crystal 
layer 15. On the other hand, the second liquid crystal 
display panel 200 adopts a matrix form composed of 
intersection points of plural striped electrodes as the 
display pixels. Accordingly, since the number of display 
pixels is large, a super twisted nematic liquid crystal is 
used as a liquid crystal layer 20. 
[0177] For instance, a super twisted nematic (STN) 
liquid crystal layer is utilized to the second liquid crystal 
layer 20. And the twist angle thereof is arranged in the 
range of 210° to 260°. 

[0178] The retardation film 59 is provided between a 
second polarizing film 22 and a third substrate 16 to 
delete birefringent color of be second liquid crystal layer 
20. The retardation film 59 is desirably used in an 



adhered form with the second polarizing film 22 
because it is too thin to use alone in a single film form. 
[01 79] By providing a gap between the retardation film 
59 and the third substrate 1 6, the occurrence of interfer- 

5 ence fringes caused by contact of the second polarizing 
film 22 with the third substrate 16 is avoided. 
[0180] The alignment direction in the second liquid 
crystal layer 20 and the direction of the transmission 
axis of a third polarizing film 23 depend on the direction 

10 of the transmission axis of the second polarizing film 22 . 
[0181] In the embodiment, the twist angle of the super 
twisted nematic liquid crystal is arranged to be 210°. 
The product (And) of the gap (d) and the difference in 
refractive index (An) of the second liquid crystal layer 20 

is is set to be 845 nanometer (nm). In reference to angles, 
the direction of the time 3:00 is here defined as zero 
degrees, the direction of anti-liquid crystal display 
device is plus (+), and the direction of liquid crystal dis- 
play device is minus (-). 

20 [0182] The alignment direction on the first substrate 
11 is set to be -1 12.5 degrees, and the alignment direc- 
tion on the second substrate 13 is set to be +97.5°. The 
direction of the reflection axis of the second polarizing 
film 22 provided on the second substrate 13 is +45°, 

25 and the angle of the retardation film 59 provided 
between the second polarizing film 22 and the third sub- 
strate 16 is +90°. 

[01 83] The retardation value of the retardation film 59 
is 575 nanometer (nm). The third polarizing film 23 is 

30 disposed in the direction of +90°. 

[0184] Taking the above described arrangement, the 
second liquid crystal display panel 200 can perform a 
normally transparent display, and a display of a seg- 
ment electrode having a large number of divisions can 

35 be performed. In addition, a display having an wide 
viewing angle can be realized. 

[0185] Especially, the use of an STN liquid crystal 
layer is preferable in order to emphasize the transmis- 
sion characteristic of the second liquid crystal display 
40 panel, improve the temperature dependence of the 
transmission characteristic, improve the viewing angle 
dependence, and increase the number of divisions of 
the segment electrode. In order to further improve these 
characteristics, it is preferable to use an active matrix- 
es type liquid crystal display panel having a switching ele- 
ment at each pixel portion. 

[0186] It is possible to use a two-terminal type or 
three-terminal type switching element. 

so Ninth embodiment: Fig. 16 

[0187] Next, the ninth embodiment of be present 
invention will be explained with reference to Fig. 16. 
[0188] Fig. 16 is an enlarged sectional view of the liq- 
55 uid crystal display panel portion of the liquid crystal dis- 
play device in which a middle portion is broken away. 
[01 89] The characteristic feature of the ninth embodi- 
ment is such that the embodiment has a structure to 
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avoid a region between the segment electrodes used for 
the first liquid crystal display panel 100 of the liquid 
crystal display device where a shutter is usually in a 
closing state. 

[0190] In Fig. 16, the same components as those in s 
the first embodiment are given the same numerals and 
the explanation thereof will be omitted. 
[01 91 ] In this liquid crystal display device, be configu- 
ration of the first liquid crystal display panel 100 is pro- 
vided with, in order from the side visible to a viewer, a 
first substrate 1 1 , a fifth electrode 28 provided on the 
first substrate 1 1 , a protection layer 29 having insulation 
quality, provided on the fifth electrode 28, and a first 
electrode 12 provided on the protection layer 29. In this 
embodiment, the fifth electrode 28 is provided in such a 
manner that it overlays the whole surface of the first 
electrode 12. 

[0192] A sixth electrode 34, the protection layer 29, 
and a second electrode 14 provided on the protection 
layer 29 are provided on a second substrate 1 3 facing 
the first substrate 1 1 at a predetermined distance, as of 
the same manner in the first substrate 1 1 , and a portion 
where the first electrode 12 overlaps the second elec- 
trode 14 becomes a display pixel. 
[0193] In this embodiment, the display electrodes are 
of the shape so called a segment-type electrode and 
are divided into plural segments. 
[0194] In order from the visible side, a fifth polarizing 
film 26 composed of an absorption-type polarizing film, 
and a first polarizing film 21 composed of a reflection- 
type polarizing film, are provided on the first substrate 
1 1 . The transmission axes of the first polarizing film 21 
and the fifth polarizing film 26 are disposed in parallel. 
[0195] A second polarizing film 22 composed of a 
reflection-type polarizing film is provided on the second 
substrate 13 of the first liquid crystal display panel 100. 
[0196] By disposing the transmission axes of the first 
polarizing film 21 and the second polarizing film 22 in 
parallel, and by combining them with a liquid crystal 
layer 15, the panel shows a strong reflection character- 
istic when voltage applied to be liquid crystal layer 15 is 
low, and shows a transmission characteristic when a 
high voltage is applied. 

[01 97] The second polarizing film 22 is adhered to the 
second substrate 13 with an adhesive agent. The first 
liquid crystal display panel 100 is structured as 
described above. 

[0198] When voltage is applied to the first electrode 12 
and the second electrode 1 4 forming the first liquid crys- 
tal display panel 100, and be transmission state and the 
reflection state of the first liquid crystal layer 15 are 
thereby controlled, since it is difficult to apply voltage 
between the segment electrodes, a usual reflection 
state (shutter-close) or usual transmission state (shut- 
ter-open) occurs. 

[0199] However, as shown in this embodiment, the 
fifth electrode 28 is provided between the first electrode 
12 and the first substrate 1 1 , and the sixth electrode 34 



is similarly provided between be second electrode 14 
and the second substrate 13. By applying voltage 
between the fifth electrode 28 and the sixth electrode 
34, the opening and closing of the shutter can be 
entirely performed. 

[0200] In the embodiment, an example in which the 
fifth electrode 28 and the sixth electrode 34 are pro- 
vided on the whole surface of the shutter display portion 
of the first liquid crystal display panel 100 without divi- 
sion is shown. However, by taking a segment electrode 
structure in which the first electrode 12 and the fifth 
electrode 28 are disposed on a portion to complement 
each other and by taking similarly a segment electrode 
structure in which the second electrode 1 4 and the sixth 
electrode 34 are disposed on a portion to complement 
each other, it becomes possible to cover shutter display 
lines which exist between the segment electrodes in a 
plurality. 

[0201] Next, the structure of the second liquid crystal 
display panel 200 has, in order from the visible side of a 
viewer, a third substrate 16, a third electrode 17, a 
fourth substrate 18 opposing to the third substrate 16 at 
a predetermined interval, and a fourth electrode 19 pro- 
vided on the fourth substrate 18, and an overlapping 
portion of the third electrode 1 7 and the fourth electrode 
19 is a display pixel. 

[0202] A matrix type display composed of intersection 
points of plural striped electrodes is adopted for the dis- 
play electrode. 

[0203] Between the third substrate 16 and the fourth 
substrate 1 8, provided is a second liquid crystal layer 20 
which is filed with a sealing agent 33 and a sealant (not 
shown). 

[0204] An alignment layer is provided on the third sub- 
strate 1 6 and the fourth substrate 1 8 to align the second 
liquid crystal layer 20 in a predetermined direction. 
[0205] No polarizing film is provided on be third sub- 
strate 16, and the second polarizing film 22 is used in 
place thereof. 

[0206] As the third polarizing film 23, a reflection-type 
polarizing film is provided and is bonded by an adhesive 
layer to the fourth substrate 18. 
[0207] By providing a gap 56 between the second 
polarizing film 22 and the third substrate 16, the occur- 
rence of interference fringes caused by contact of the 
second polarizing film 22 with the third substrate 1 6 can 
be prevented. 

[0208] Using a reflection-type polarizing film as the 
second polarizing film 22 and the third polarizing film 
23, the second liquid crystal display panel has a high 
reflection characteristic, and the reflection characteristic 
of the first liquid crystal display panel can be intensified 
thereby. 

[0209] Particularly, when the second liquid crystal dis- 
play panel is not comprised of a segment electrode 
structure, and the third electrode 1 7 and the fourth elec- 
trode 19 are formed with a striped electrode structure 
and an intersection point of the striped electrodes 
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becomes a pixel electrode, since a large area can be 
controlled to a transmission state or a reflection state, 
by making the second liquid crystal display panel con- 
figured thusly to be in a reflection state on a portion 
where the first liquid crystal display panel is in a reflec- 
tion state, an improved reflection characteristic quality 
can be achieved: 

[0210] Furthermore, even when the display condition 
of the first liquid crystal display panel is in a transmis- 
sion state (shutter-open), the second liquid crystal dis- 
play panel may display a reflective state or a 
transmission state, thereby be aftereffects of the reflec- 
tion state of the first liquid crystal display panel may be 
left in the display 

[0211] Since a portion of light absorbed by the con- 
ventional absorption-type polarizing film can be 
reflected to the viewer side by using multiple reflection 
of the second polarizing film 22 and be third Polarizing 
film 23, even with a liquid crystal display panel having a 
two-layer structure a bright display can be realized. 
[0212] Additionally, when a diffusion layer 46 is pro- 
vided between the fourth substrate 18 and the third 
polarizing film 23, and a reflection-type polarizing film is 
adopted for the third polarizing film 23, it becomes a dis- 
play to reflect light toward the back surface of the third 
polarizing film 23 and realize a diffused white-colored 
display (diffusion effect). 

[021 3] In this case, by providing an optical power gen- 
eration element such as a solar call, which converts a 
designated wavelength of light energy to electrical 
energy on the back surface of the third polarising film 
23, improvement of the contrast ratio and power gener- 
ation can be achieved at the same time. 

INDUSTRIAL APPLICABILITY 

[0214] As is made clear by the above explanation, by 
adopting plural liquid crystal display panels in an over- 
lapped structure, the display on the lower liquid crystal 
display panel can be shielded (shuttered) by the upper 
liquid crystal display panel or, by synchronizing the dis- 
play of the upper liquid crystal display panel and the 
lower liquid crystal display panel, a complex display can 
be realized. 

[0215] By utilizing for a polarizing film used for plural 
liquid crystal display panels a reflection-type polarizing 
film in which one polarization axis is a transmission axis, 
and another polarization axis intersecting the transmis- 
sion axis at right angles is a reflection axis, the transmit- 
tance and the reflectance can be improved compared to 
a case wherein a conventional translucent reflecting film 
is used, and in addition, a mirrored display can be 
attained. 

[0216] Regarding the display of an upper layer of the 
liquid crystal display panel, a reflection display and a 
transmission display are made possible by using a 
reflection-type polarizing film between plural liquid crys- 
tal display panels. When it becomes be reflection dis- 



play, the lower layer display can be achieved while 
securing high transmission quarity. 
[0217] By displaying a mirrored display in the same 
color as that of the liquid crystal display device case, the 

5 case for the liquid crystal display device and the display 
of the liquid crystal display pane) are given a unified 
appearance, which differs from the conventional visual 
impression of a liquid crystal display panel and 
improves be visually attractive quality of the shutter 

10 function of the liquid crystal display panel. 

[0218] When the display device has a structure in 
which a first liquid crystal display panel and a second 
liquid crystal display panel are arranged one on top of 
the other, by providing the first liquid crystal display 

is panel with an electrode structure changeable between a 
full reflection state and a transmission state, the display 
of the lower side liquid crystal display panel can be 
sharply reproduced when the first liquid crystal display 
panel is in a transmission state. 

20 [0219] When the display device has a structure in 
which the first liquid crystal display panel and the sec- 
ond liquid crystal display panel are arranged one on top 
of the other, and a segmented electrode structure or a 
matrix electrode structure is adopted in be first liquid 

25 crystal display panel, the whole display surface can not 
be in a transmission state, because a predetermined 
gap is provided between be segment electrodes or 
between the matrix electrodes. 

[0220] Therefore, when a font size used for the display 

30 of the lower side liquid crystal display panel is smaller 
than a portion (display pixel) of the segment electrode of 
the first liquid crystal display panel, it is disposed on the 
portion of the segment electrode of the first liquid crystal 
display panel to prevent the shielding caused by the 

35 non-transmission portion of the first liquid crystal dis- 
play panel and to improve the visibility thereof. 
[0221 ] When the display of the first liquid crystal dis- 
play panel is in a reflection state and a transmission 
state, the display of the second liquid crystal display 

40 panel is performed by the combinations of transmission 
and absorption, transmission and reflection, or trans- 
mission and diffusion. Especially, in the transmission 
state, improvement of the contrast ratio becomes possi- 
ble by providing a diffused quality. 

45 [0222] When it is in a high reflection state with the first 
liquid crystal display panel and a polarizing film, by per- 
forming an entirely uniform reflective display without 
performing the display of the second liquid crystal dis- 
play panel, a uniform display appearance can be real- 

50 ized even when a state of the lower layer can be seen 
through the first liquid crystal display panel in a reflec- 
tion state. 

[0223] When using an internal light source, by putting 
at least a portion of the first liquid crystal display panel 
55 under a lighting state, unevenness of the display made 
apparent by light escaping through the first liquid crystal 
display panel and the polarizing film can be reduced. 
[0224] Further, by providing a diffusing layer on a 
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polarizing film arranged below the second liquid crystal 
display panel, the contrast ratio of the display of the first 
liquid crystal display panel to the display of the second 
liquid crystal display panel can be enlarged and at the 
same time, when the display of the second liquid crystal 5 
display panel is performed using an outside light source, 
the light passing through a portion of the first liquid crys- 
tal display panel having a high tra remittance is used. 
Consequently, by providing a means to use a polarizing 
film as a reflecting film or by providing a reflecting film 10 
below the polarizing film, a bright display can be real- 
ized. 

[0225] It is particularly effective to provide a layer hav- 
ing a diffusion quality between a reflection-type polariz- 
ing film and a substrate below the second liquid crystal 15 
display panel, using the reflection-type polarizing film. 
[0226] Furthermore by providing a fluorescent ink 
layer, to perform reflection and emission of light having 
a specific wavelength when optically excited by incident 
light, between a polarizing film of the second liquid crys- 20 
tal display panel and a light source, a display having a 
high contrast ratio can be realized without using a 
reflecting film. 

[0227] Since the color of the fluorescent ink layer 
absorbs or reflects the light in a high energy region 25 
through the polarizing film, a bright display can be real- 
ized by using a fluorescent ink which shows visible light 
having long wavelengths. 

[0228] Since it is difficult to recognize whether a liquid 
crystal display device works normally when the first liq- 30 
uid crystal display panel has a large reflectance over its 
whole surface, a portion of the first liquid crystal display 
panel is utilized. Here, a portion of the first liquid crystal 
display panel is set in a transmissible state, and the dis- 
play of the second liquid crystal display panel is set in a 35 
visible state. Alternatively, the second liquid crystal dis- 
play panel is made larger than the first liquid crystal dis- 
play panel, so that the display of the second liquid 
crystal display panel can be recognizable without 
depending on the display state of the first liquid crystal 40 
display panel. 

[0229] Alternatively, a liquid crystal display panel 
arranged below the first liquid crystal display panel is 
divided in multiple divisions with a portion to perform 
shielding or display visible through the display of the first 45 
liquid crystal display panel and a portion to recognize 
the display of a third liquid crystal display panel without 
independing on the display of the first liquid crystal dis- 
play panel. 

[0230] As described above, when the display condi- so 
tion of the first liquid crystal display panel functions as a 
shutter to shield the display of the lower liquid crystal 
display panel, the movement of a liquid crystal display 
device can none-the-less be confirmed. 
[0231] Furthermore, when be first liquid crystal panel 55 
is in a high reflection state (shutter closed), by making 
uniform the display of the second liquid crystal display 
panel, an overall uniform display can be obtained and 



the contrast ratio remains high even when the second 
liquid crystal display panel can be seen through the first 
liquid crystal display panel. 

[0232] Additionally, when the second liquid crystal dis- 
play panel shows a uniform display, by making small or 
turning off the applied voltage, the power consumption 
which is an important aspect of the liquid crystal display 
device can be reduced. 

[0233] That is, when plural sets of the liquid crystal 
display panels are used, the power consumption thereof 
is large compared with the case wherein only one set of 
the conventional liquid crystal display panel is used, 
therefore a means for reducing electric power for the 
display is very necessary and effective. 
[0234] The embodiments in which a twisted nematic 
liquid crystal is used for the first liquid crystal layer, and 
a twisted nematic liquid crystal or a super twisted 
nematic liquid crystal is used for the second liquid crys- 
tal layer, are shown. When considering the cost of a liq- 
uid crystal display device, the function of a first liquid 
crystal layer, and the thickness of a substrate, a twisted 
nematic liquid crystal is most suitable for the first liquid 
crystal display layer, but the invention is not limited to be 
twisted nematic liquid crystal, in particular. 
[0235] As for the second liquid crystal layer, a twisted 
nematic liquid crystal or a super twisted nematic liquid 
crystal is most suitable with regard to the number of divi- 
sions of the segment electrode and the viewing angle, 
which is however, not limited in particular. 
[0236] In the case of a liquid crystal display device 
having a pen-input device which can input a signal using 
the upper portion of the liquid crystal display panel or 
the wiring of the liquid crystal display panel, a gap is 
provided between a second polarizing film consisting of 
a reflecting-type polarizing film arranged on the first liq- 
uid crystal display panel and the second liquid crystal 
display panel, with a spacer. By this structure, interfer- 
ence fringes occurred between the second polarizing 
film and an opposing substrate can be prevented, and 
the structure is also effective as a buffer agent when the 
deflection of the first liquid crystal display panel is trans- 
ferred to the second liquid crystal display panel. 

Claims 

1 . A liquid crystal display device, wherein 

a plurality of liquid crystal display panels, each 
comprised of a liquid crystal layer provided 
between a pair of transparent substrates which 
have electrodes formed on each opposing 
inner surface, are laminated, and 
a reflection-type polarizing film which transmits 
the light linearly polarized in the direction paral- 
lel to a transmission axis, and reflects the light 
linearly polarized in the direction orthogonal to 
the transmission axis thereof, is disposed at 
least on the top surface of the plural of the liq- 
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uid crystal display panels or between one liquid 
crystal display panel and another liquid crystal 
display panel, or at the bottom surface of the 
plural of the liquid crystal display panels. 

5 

2. The liquid crystal display device according to Claim 

1 , wherein two said liquid crystal display panels are 
laminated in a manner that at least one of a portion 
each thereof overlaps the other, and said reflection- 
type polarizing film is disposed at least on be top 10 
surface of the two laminated sheets of the liquid 
crystal display panel, or between the two laminated 
sheets of the liquid crystal display panels, or at the 
bottom surface thereof. 

15 

3. The liquid crystal display device according to Claim 

2. wherein said reflection-type polarizing film is dis- 
posed between said two laminated liquid crystal 
display panels. 

20 

4. The liquid crystal display device according to Claim 

3. wherein said reflection-type polarizing film is 
arranged between said laminated two liquid crystal 
display panels in such a manner that the reflection- 
type polarizing film is adhered to said substrate of 25 
one liquid crystal display panel and a predeter- 
mined gap is provided between said substrate of 
the other liquid crystal display panel. 

5. The liquid crystal display device according to Claim 30 

4, wherein said gap between said reflection-type 
polarizing film and a substrate of said liquid crystal 
display panel opposing to said reflection-type polar- 
izing film is formed by a printed layer provided in the 
region surrounding a display region of said liquid 35 
crystal display panel. 

6. A liquid crystal display device, wherein 

two liquid crystal display panels, each com- 40 
prised of a liquid crystal layer provided 
between a pair of transparent substrates which 
have electrodes formed on each opposing 
inner surface, are laminated, 
said two liquid crystal display panels are dis- 45 
posed so that at least one of a portion each 
thereof overlaps the other, and 
a first polarizing film is disposed on be top sur- 
face of the laminated two liquid crystal display 
panels, a second polarizing film is disposed so 
between the two liquid crystal display panels, 
and a third polarizing film is disposed on the 
lowest bottom surface. 

7. The liquid crystal display panel according to Claim 55 
1 , wherein a plurality of said reflection-type polariz- 
ing films are disposed. 



8. The liquid crystal display device according to Claim 
6, wherein 

the top surfaces of said laminated two liquid 
crystal display panels are arranged facing the 
visible side, 

the first polarizing film is comprised of an 
absorption-type Polarizing film to transmit the 
light linearly polarized in the direction parallel to 
the transmission axis and to absorb the light 
linearly polarized in the direction orthogonal to 
the transmission axis thereof, 
the second polarizing film is comprised of said 
reflection-type polarising film, and 
the third polarizing film is comprised of a com- 
bination of a light diffusion layer and a reflec- 
tion-type polarizing film. 

9. The liquid crystal display device according to Claim 
8, wherein said first polarizing film, said second 
polarizing film and said liquid crystal display panel 
disposed therebetween are configured to change 
from a high reflection characteristic to a high trans- 
mission characteristic in relation to the visible side 
by increasing the voltage applied to said liquid crys- 
tal display panel. 

1 0. The liquid crystal display device according to Claim 

8, wherein said first polarizing film, said second 
polarizing film and said liquid crystal display panel 
disposed therebetween are configured to change 
from a high transmission characteristic to a high 
reflection characteristic in relation to be visible side 
by increasing be voltage applied to said liquid crys- 
tal display panel. 

1 1 . The liquid crystal display device according to Claim 

9, wherein when the liquid crystal display device is 
in a state showing a high reflection characteristic in 
relation to the visible side by means of said first 
polarizing film, said second Polarizing film and a 
first liquid crystal display panel disposed therebe- 
tween, low voltage is applied to a second liquid 
crystal display panel. 

12. A liquid crystal display device, wherein 

two liquid crystal display panels, each com- 
prised of a liquid crystal layer provided 
between a pair of transparent substrates which 
have electrodes formed on each opposing 
inner surface, are laminated, 
the two liquid crystal display panels are dis- 
posed so that at least one of a portion each 
thereof overlaps the other, 
a first polarizing film is disposed on the upper 
surface of a first liquid crystal display panel 
which is arranged on be viewer side relative to 
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a second liquid crystal display panel, a second 
polarizing film is disposed between the first liq- 
uid crystal display panel and the second liquid 
crystal display panel, that is the other liquid 
crystal display panel, and a third polarizing film 5 
is disposed on the bottom surface of the sec- 
ond liquid crystal display panel, 
the first liquid crystal display panel has a plural- 
ity of segment display portions, and when a dis- 
play shows a high transmission characteristic 10 
through said first polarizing film, said second 
polarizing film, and the first liquid crystal dis- 
play panel, no voltage is applied to the liquid 
crystal layer between each segment display 
portion of said first liquid crystal display panel, 15 
accordingly becomes to a steady section hav- 
ing a constantly high reflection characteristic, 
said second liquid crystal display panel has a 
display pixel consisting of a matrix type elec- 
trode structure, in which the display pixel of 20 
said second liquid crystal display panel is 
smaller than said steady section, and 
a font size displayed by the second liquid crys- 
tal display panel is larger than the steady sec- 
tion of said first liquid crystal display panel. 25 

13. A liquid crystal display device, wherein 

a first liquid display panel and a second liquid 
crystal display panel, each comprised of a liq- 30 
uid crystal layer provided in a gap between a 
pair of transparent substrates which have an 
electrode formed on each opposing inner sur- 
face thereof, are laminated, 
at least a reflection-type polarizing film is dis- 35 
posed between the first liquid crystal display 
panel and the second liquid crystal display 
panel, 

an optical power generation element, which 
outputs an electric power when it is exposed to 40 
light, is disposed below said second liquid crys- 
tal display panel through a polarizing film, 
a display visible through said first liquid crystal 
display panel or said second liquid crystal dis- 
play panel is performed by light having a wave- 45 
length within a range contributing to the power 
generation of said optical power generation 
element, and 

the power generated by said optical power gen- 
eration element is used for electric power to so 
drive said first liquid crystal display panel and 
said second liquid crystal display panel. 

14. The liquid crystal display device according to Claim 

13, wherein a light diffusion layer is disposed 55 
between said optical power generation element and 
the second liquid crystal display panel. 



1 5. The liquid crystal display device according to Claim 
13, wherein a light-wavelength conversion layer 
which absorbs short wavelength light and emits 
long wavelength light is provided between said opti- 
cal power generation element and the second liquid 
crystal display panel. 

16. The liquid crystal display device according to Claim 
1, wherein 

said liquid crystal display device has at least 
any one of a sensor detecting a control signal 
controlled by a viewer, a sensor detecting a 
operational circumstance, or a sensor detect- 
ing be tune displayed by the liquid crystal dis- 
play device, and 

the ratio of light incident on the transmission 
axis of said reflection-type polarizing film to the 
light incident on the reflection axis intersecting 
therewith at right angles can be varied in 
accordance with an output of said sensor 
through said liquid crystal display panel. 

17. The liquid crystal display device according to Claim 
1, wherein said liquid crystal display panel has a 
sensor detecting a radio wave signal existing in the 
operational circumstance area, and the ratio of light 
incident on the transmission axis of said reflection- 
type polarizing film to the light incident on the 
reflection axis intersecting therewith at right angles 
can be varied in accordance with an output of said 
signal by the sensor by means of said liquid crystal 
display panel. 

18. The liquid crystal display device according to Claim 
1, wherein the application of voltage on be liquid 
crystal layers of said plural liquid crystal display 
panels is carried out periodically and continuously 
on each liquid crystal display panel, and the align- 
ment of corresponding content displayed on each 
liquid crystal display panel is slightly displaced, and 
a three-dimensional display is realized through the 
difference in position in the lamination direction of 
each liquid crystal display panel and the displace- 
ment of the displays. 

19. The liquid crystal display device according to Claim 
1 , wherein said liquid crystal display device is pro- 
vided with a light source, emitting light when volt- 
age is applied thereto, below be lowest surface of 
said plural liquid crystal display panel. 

20. The liquid crystal display device according to Claim 
18. wherein said liquid crystal display panel and 
said light source are driven in synchronization with 
each other. 

21. The liquid crystal display device according to Claim 
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19, wherein said liquid crystal display device is pro- 
vided with a fluorescent ink layer which absorbs 
light and changes the wave length to emit light in at 
least any place on said light source, said polarizing 
film in the lowest portion, or between said light 5 
source and said polarizing film. 

22. The liquid crystal display device according to Claim 
1 , wherein said liquid crystal display device is pro- 
vided with a light diffusion layer consisting of a 10 
spacer on at least any side below or above said 
reflection-type polarizing film, and the specer occu- 
pies a gap exists between said reflection-type 
polarizing film and a substrate opposing to said 
reflection-type polarizing film. is 
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